ABSTRACT. Gallbladder carcinoma is an uncommon, but highly malignant tumor, with poor prognostic, and diagnostic manifestations in early stages. The Indian Council of Medical Research reported increased incidence of gallbladder carcinoma in the surviving population of the Bhopal gas tragedy that involved exposure of more than 500,000 people to methyl isocyanate gas. The severity of exposure, and increased multi-systemic morbidity in the survivors stimulated us to examine the molecular changes leading to gallbladder carcinoma. Surgically resected samples (N = 40) of gallbladder carcinoma were studied for the p53, Rad50, and cyclin-E expression by immunohistofluorescence bioimaging. Among the 40 samples, 23, 11, and 10 showed p53, Rad50, and cyclin-E expression, respectively, in moderately differentiated adenocarcinomas, demonstrating the prevalence and inva- Gallbladder carcinoma in a methyl isocyanate-exposed population siveness of this disease in the methyl isocyanate-exposed population (P = 0.0009). Nevertheless, co-expression of Rad50, and cyclin-E with p53 was absent in adenomas with dysplasia, demonstrating their independent roles. We conclude that there was altered expression of p53, Rad50, and cyclin-E in the malignant transformation of gallbladder carcinoma in this methyl isocyanate gas-exposed cohort. Hence, these proteins may be useful as markers to identify premalignant lesions that are likely to progress into malignant adenocarcinoma.
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INTRODUCTION
Gallbladder cancer is a common malignancy of the biliary tract, which shows wide geographical variation in its distribution. According to the American Cancer Society (2008) statistical projections, the number of new cases of gallbladder and other biliary cancers in the United States is predicted to be 4500 in men and 5020 in women (American Cancer Society, 2008) . Areas with the highest incidence rates include Chile, India, Korea, Japan, Czech Republic, Slovakia, Spain, Columbia, Peru, Bolivia, and Ecuador (Randi et al., 2006) . Females from India have the highest international rate of gallbladder cancer, between 8.8 and 21.2 per 100,000 persons/year, with high incidence of gallbladder cancer in north and central India (Kapoor and McMichael, 2003; Schottenfeld and Fraumeni, 2006) .
Involuntary exposure to environmental carcinogens and xenochemicals could account for the recent growing incidence of exposure-related excess mortality due to gallbladder malignancies (Irigaray et al., 2007) . However, the magnitude of risk fraction in gallbladder malignancies attributed to environmental factors is still incomprehensible. Global analysis of response of genes to toxic insult has been documented previously and provides a complete picture of toxicologically significant events (Crab, 2004) . It has become increasingly evident that both kinds of exposures: accidents/disasters can potentially result in toxic genomic implications. The population-based cancer registry of the Indian Council of Medical Research (ICMR) revealed higher incidence rates (crude and age-adjusted incidence rates) of gallbladder carcinoma (GBC) in the surviving population of the Bhopal gas tragedy (Sriramachari, 2004) . The tragedy is among the world's worst known industrial disasters, which led to the leakage of methyl isocyanate (MIC) and its related toxic gas products resulting in mortality of 2500-6000, and debilitating over 200,000 people. The severity of exposure was extreme, and the survivors continue to experience increased multi-systemic morbidity (Dhara and Dhara, 2002; Mishra et al., 2008; Mishra et al., 2009a) , including cancer (Ganesh et al., 2005) , which clearly establishes a genetic link with MIC exposure (Dikshit and Kanhere, 1999) . The poor prognosis and high incidence rates of GBC in the MIC-exposed population further necessitate a better insight into the molecular changes to develop effective early diagnostics and novel targeted therapeutic strategies.
We aimed to study the expression of p53, cyclin-E, and Rad50 in gallbladder cancer specimens surgically resected from the MIC-affected population. The key feature of the p53 gene product (protein), "a guardian of the genome" with tumor suppressor function and a role in the regulation of cell cycle progression, is its tendency to remain "latent" in unperturbed P.K. Mishra et al. cells (Horn and Vousden, 2007) . Rad50 is a ubiquitous protein involved in many DNA metabolic pathways that maintain genomic integrity (Haber, 1998) . Cyclin-E is one of the most important cell cycle regulators that play an important role in normal cell proliferation and development through promotion of S phases (Viallard et al., 2001) . In this study, we used immunohistochemical analysis to determine the expression patterns of the p53, cyclin-E, and Rad50 proteins in 40 cases of GBC: 31 of adenocarcinoma, 6 of gallbladder adenoma with dysplasia and 3 of adenosquamous carcinoma.
SUBJECTS AND METHODS
The study was carried out by the Department of Research in coordination with the Department of Pathology, Bhopal Memorial Hospital and Research Centre (BMHRC), Bhopal, India, and patients from the Department of Surgical Gastroenterology formed the basis for the present research. The Institutional Review Board of BMHRC approved the study. Only subjects from 36 municipal wards considered "MIC affected" were selected for the study. Informed consent was obtained from each patient. Clinical details were recorded on pro forma charts in each case.
Tissue specimens
Tissue specimens from 40 GBC patients (13 men and 27 women, age range of 20-75 years, mean age of 55.25 ± 1.89 years), including 31 with adenocarcinoma, 3 with adenosquamous carcinoma, and 6 with gallbladder adenoma, were examined immunohistochemically for p53, cyclin-E, and Rad50. A gallbladder adenoma was defined as any outgrowth that histologically showed gland proliferation and some grade of dysplasia. Gallbladder adenocarcinoma was defined as an outgrowth with cells showing atypicity, forming glands and originating on superficial epithelia that can be observed microscopically (Albores-Saavedra et al., 1992) . All surgically resected specimens of gallbladder cancer were initially fixed in 10% neutralbuffered formalin, and then embedded in paraffin-wax after further dehydration processing. The cut sections were stained with hematoxylin and eosin. The diagnosis was based on clinical suspicion and histopathological confirmation in each patient.
Immunohistochemical staining
p53, cyclin-E, and Rad50 expression was examined by an immunohistofluorescence method using a spectral bio-imaging system (Applied Spectral Imaging, Germany). Briefly, 3-to 5-µm sections were cut from the paraffin embedded tissue blocks and placed on poly-L-lysine coated slides. Immunohistochemcial staining of p53, cyclin-E, and Rad50 was performed using the indirect immunohistofluorescence method. In brief, the sections were deparaffinized with xylene rinse and rehydrated into distilled water through a graded alcohol series (100, 90, and 70%). The mounted tissue was then rinsed with 1X phosphate-buffered saline on the slide. The slides were then incubated with primary mouse monoclonal anti-p53/antiRad50/anti-cyclin-E antibody (Santa Cruz Biotechnology Inc., USA) at a dilution of 1:1000 in a humidified chamber for 2-3 h at room temperature. The slides were washed three times in phosphate-buffered solution and further incubated with fluorescein isothiocyanate/Texas Red conjugated secondary antibody (Santa Cruz Biotechnology Inc.) at 1:40 dilution for 1 h at room temperature. Tissue nuclei were counterstained with DAPI (4,6-diamidinophenylindole), and incubated for 15-20 min. Finally, the slides were mounted with antifade solution and then examined using a spectral bio-imaging system (Applied Spectral Imaging).
Criteria for positive immunohistochemical staining
Results were quantitative and qualitative evaluations of immunohistochemical staining. p53, cyclin-E, and Rad50 immunoreactivity was considered to be positive when more than 10% of cells with nuclear, and membrane-bound or cytoplasmic staining were observed, respectively. Cytoplasmic staining for p53 was disregarded. Intensity of staining was graded as weak, moderate, and strong (Kim et al., 2001 ). Data were processed using Excel, and the SPSS 10.0 software (SPSS Inc., USA).
Microsatellite instability
Microsatellite instability was assessed using inter-simple sequence repeat polymerase chain reaction (ISSR-PCR), as reported elsewhere (Mishra et al., 2009b,c) . Briefly, whole DNA was extracted from tissue specimens using the tissue protocol of DNeasy Blood & Tissue kit (QIAGEN, Germany). An amount of 50 ng of the extracted DNA was amplified, and analysis of the PCR product was performed by 1% agarose gel electrophoresis and imaging under a gel documentation system (Vilber Lourmat, France).
RESULTS
The 40 GBC cases in our study were of the following types: 27 (67.5%) were females, and 13 (32.5%) were males, and their histological classification was 31 adenocarcinoma, 3 adenosquamous carcinoma, and 6 adenoma with dysplasia (Table 1) . We noted that p53 overexpression was predominantly seen in the MIC-exposed cohort diagnosed with adenocarcinoma, with 74% (23/31) involving infiltration into the papillary, and mucinous region/cell types of the gallbladder (Table 1) . In contrast, p53 expression was relatively moderate in adenosquamous carcinoma, and less in adenomas with dysplasia ( Figure 1 ). According to the differentiation grade, gallbladder adenocarcinomas were further sub-grouped into well, moderately, and poorly differentiated adenocarcinomas. Although no significant correlation was shown between p53 overexpression, and differentiation grade, p53 overexpression was relatively stronger in the moderately differentiated adenocarcinoma cases when compared with moderate expression of well-differentiated cases ( Table 1 . Correlation of p53, Rad50 and cyclin-E over expression in gallbladder carcinoma.
Data are reported as number with percent in parentheses. NS = statistically non-significant.
However, aberrant expression of Rad50 (Figure 2 ) was confined to adenocarcinoma and adenosquamous carcinoma with 11 (35%), and 1 (33%) cases, respectively (Table 1) . Analysis of Rad50 expression based on differentiation grade displayed higher levels in moderately differentiated adenocarcinoma and lower levels in well and poorly differentiated adenocarcinoma (Table 2) . However, Rad50 expression was not seen in adenomas with dysplasia. Meanwhile, anti-cyclin-E (Figure 3) showed positivity for cyclin-E overexpression only in adenocarcinoma of GBC with 10 cases (32%), and stained none of the adenosquamous carcinoma and adenomas with dysplasia (Table 1) . On the other hand, further assessment of adenocarcinoma revealed relatively stronger positive expression of cyclin-E in moderately differentiated adenocarcinoma than in poor, and well-differentiated adenocarcinomas (Table 2) .
ISSR-PCR analysis did not demonstrate any significant microsatellite instability in the GBC cases studied (data not shown).
DISCUSSION
Carcinogenesis is a multistep and age-dependent process, and environmental factors are thought to play an important role in it. Genetic susceptibility to cancer due to genetic polymorphism favors the role of exogenous factors through gene-environment interactions (Schottenfeld and Fraumeni, 2006) . In GBC, little is known about the molecular mechanisms underlying tumor progression and metastasis, yet it results in fatal malignancies. The poor prognosis associated with GBC is due to its inherent aggressive biology and diagnosis at the advanced stage and anatomic position with vague and non-specific symptoms, along with a poor survival rate of less than 5% (Saetta et al., 2006) . Considerable variation exists in the incidence and mortality rates of gallbladder cancer throughout the world, which suggests that genetic and environmental variables may be involved in its tumorigenesis. Of these, gallstones and chronic inflammation of the gallbladder are the most common etiological factors (Pandey, 2003) . However, attempts have been made to determine the evidence on the role of occupational factors and environmental mutagens in gallbladder carcinogenesis. In this regard, some studies have shown the possibility of carcinogen involvement in the events leading to GBC. Increased risk for gallbladder malignancies among workers in the oil, paper, pesticides, rubber, chemical, and textile industries suggests a role of industrial chemicals in carcinogenesis (Szymczak et al., 2003; Kuzmickiene et al., 2004; Kumar et al., 2006) .
The role of various oncogenic mutations in gallbladder cancer is an area of active research since no promising biomarker has been found that can distinguish GBC at an early stage. This provided the rationale for us to evaluate the status of the most commonly disrupted genes, namely p53, Rad50, and cyclin-E. Very few reports in the literature are available on the P.K. Mishra et al. study of p53 in gallbladder cancer in Indian patients (Misra et al., 2000) , and the role of cyclin-E as prognosticator in gastric cancers is debatable. Also, there is no information available on Rad50 expression in gallbladder cancer to date.
Protein p53 is a regulator of the cell cycle and one of the most frequently altered targets in the majority of human neoplasias. Its main function is to maintain the integrity of DNA and induce apoptosis of those cells with an abnormal DNA impossible to be repaired. It has been shown that mutated p53 is involved in the pathogenesis of carcinoma of the gallbladder, and appears to be one of the factors involved in the genesis of this process (da Rocha et al., 2004) . Aberrant expression of p53 in the gallbladder has been reported mainly in adenocarcinomas (35-65%) (Roa et al., 2000) , but it has also been found in adenomas (0-17%) (Wang et al., 2006) . Our results are in accordance with those reported in the literature, since we found p53 overexpression in 74% of the adenocarcinomas and only in 16.6% of the adenomas with dysplasia. This variable expression of p53 (Figure 1 ) further suggests that adenomas express p53 very late in their development to adenocarcinoma and also that the molecular events and origins of p53 are different in adenocarcinomas and adenomas (Wistuba et al., 1999) .
Rad50 is a highly conserved DNA double-strand break repair factor. This protein complex integrates DNA repair with checkpoint signaling, downstream in the DNA damage response pathway (Lee and Paull, 2004) . Cyclin-E protein controls the cell cycle, allowing progression from G1 to S phase. Cyclin-E alteration such as untimely and aberrant expression can cause deregulation of the cell cycle by speeding up the G1 phase and thus contributes to carcinogenesis and malignant transformation through subsequent unbridled cell growth and proliferation. Thus, it is natural that its overexpression leads to cell proliferation found in a variety of human cancers. Overexpression of cyclin-E has been reported to occur in gastric cancer, making it a potential prognostic marker (Jang et al., 1999; Aoyagi et al., 2000) . The present study also demonstrated the expression of Rad50 (35%), and cyclin-E (32%) in adenocarcinomas but showed statistically significant (P = 0.0009) difference in expression pattern compared to p53 (Table 1) .
Moreover, a direct correlation exists between the presence of cholelithiasis/cholecystitis, and the development of gallbladder carcinoma. In patients with gallbladder carcinoma, the incidence of cholelithiasis ranges from 54 to 97% with the most common histological type being "adenocarcinoma", while others such as undifferentiated or anaplastic carcinoma, squamous cell carcinoma, and adenosquamous carcinoma represent less common types of gallbladder cancers (Bhuta et al., 2002) . In the present study, our results support those reported in the literature, since we found the presence of cholelithiasis and acute/chronic cholecystitis in the cohort that was diagnosed with adenocarcinomas. Notably, the overexpression of p53, Rad50, and cyclin-E was seen in moderately differentiated adenocarcinoma as depicted by the infiltration of adenocarcinoma into papillary, tubular, and mucinous part of gallbladder tissue (Figures 1-3) . Furthermore, the results of the Rad50, and cyclin-E expression selectively in adenocarcinomas signify the evident mutations occurring in these genes, and their potential role in malignant transformation of GBC along with the pertinent p53 expression observed in the study (Figures 1-3) . The moderate co-expressions of Rad50, and negligible expression of cyclin-E in adenosquamous and adenomas with dysplasia in comparison to p53 respectively indicate their little importance in the development of adenosquamous, and adenomas of the gallbladder, and Rad50, and cyclin-E may have an independent role in the carcinogenesis of the gallbladder. Thus, substantial expression of p53, and variable expression of Rad50, and cyclin-E in the exposed population diagnosed with adenocarcinomas, adenosquamous carcinoma, and adenomas with dysplasia suggest their role in the carcinogenesis of the gallbladder.
Microsatellite instability, which represents replication errors, results from DNA mismatches due to environmental or hereditary factors, and leads to genomic instability (Peltomaki, 1997; Jackson et al., 1998) . The reported prevalence of high microsatellite instability for sporadic gallbladder carcinoma ranges from 0 to 10% (Yoshida et al., 2000; Rashid et al., 2002; Yanagisawa et al., 2003; Roa et al., 2005) ; correspondingly, in our cases, the prevalence was negligible (data not shown). This suggests that microsatellite instability plays a minor role in the pathogenesis of gallbladder cancer cases in the present study.
To conclude, our study is the first of its kind to reveal the expression patterns of p53, Rad50, and cyclin-E in an MIC-exposed population diagnosed with gallbladder cancer, thereby revealing the prevalence of invasive carcinoma of the gallbladder in the cohort studied. Analogously, the study herein also demonstrated the aggressiveness of the disease in the central Indian population as reported earlier in the literature (Kapoor and McMichael, 2003) . However, a larger sample size would validate the results and efficacy of these proteins in developing effective early diagnostics and novel targeted therapeutic strategies against cancers of the gallbladder.
